Abstract. The main purpose of this paper is to analyze some characteristics of gravity waves (GWs), and seasonal variations of atmospheric waves over Istanbul by using wavelet techniques. Daily radiosonda data of Istanbul in the troposphere and lower stratosphere (1000 hPa-30 hPa) between 1993 and 1997 have been considered. Wavelet analysis based on a computer simulation of data is generally close to the real data when Daubechies wavelet series are used. Daily, monthly, seasonal and annual variations of pressure heights, air temperature and deviations from mean values have been analyzed. Variations show the effects of gravity waves for different pressure levels in the troposphere. These waves lead to the meso-scale wave-form structures in spring, autumn and winter. As a result of this study, wavelet series and transforms for data construction, definition of some discontinuities and the local effects on the signal have been compared with the results of previous studies. The most similar structure between temperature, turbulence parameters and geopotential height deviations has been defined at the 500-hPa pressure level.
Introduction
Dynamics and thermodynamics of the lower atmosphere determine its physical conditions. Wind, temperature and humidity profiles have a crucial role in the growing and propagation of turbulence and internal gravity waves. Many experimental campaigns have been carried out to study the characteristics and effects of gravity waves in the lower, middle and upper atmosphere over the last decades (Isaac et al., 2004) .
The wavelet transform was applied to the analysis of characteristics of thermal and velocity fields of coherent Correspondence to: Z. Can (zehcan@yildiz.edu.tr) structures from turbulence data taken within and above a deciduous forest by Gao and Li (1993) . This study demonstrates the usefulness of wavelet analysis in decomposing structures at different scales, hidden in time series data. The wavelet technique is a useful tool for analyzing time series with many different time scales or changes in variance. A practical step-by-step guide to wavelet analysis is given with examples taken from time series of the El Niño-Southern Oscillation (ENSO) (Torrence and Compo, 1998) .
Wavelet methods have been applied to the study of the stable atmospheric boundary layer under non-stationary conditions by Terradellas et al. (2001) . Wavelet analysis is a useful tool to determine the dominant modes of the signal, as well as its evolution in time. It also provides easier detection of short duration events in large series.
Zink and Vincent (2001) described a technique to detect gravity wave packets in high-resolution radiosonde soundings of horizontal wind and temperature. A strong seasonal cycle in the total wave variance was found with a maximum in winter.
A calendar of the negative and positive phases of the North Sea-Caspian Pattern (NCP) for the period 1958-1998 was used to analyze the implication of the NCP upper level teleconnections on the regional climate of the eastern Mediterranean basin (Kutiel et al., 2002) . The maximum impact of the NCP on mean air temperature was detected in the continental Anatolian Plateau, where the mean seasonal differences are around 3.5 • C. This influence decreases westwards and southwards.
A sudden temperature rise in the lower thermosphere can support surface waves propagating horizontally with energy concentrated near the sudden temperature rise (Ding et al., 2003) . The energy distribution is shifted toward the lower atmosphere when compared with wave modes without winds. The descent of energy distribution makes the energy attenuation caused by viscosity and thermal conductivity drops down. This leads to the rise of attenuation distances.
The purpose of the present study is to understand the characteristics of lower atmospheric turbulent structure and internal gravity waves in the vicinity of Istanbul. The main objectives of this paper are listed below:
1. To define the variation of gravity wave characteristics in a time domain.
2. To apply 1-D-wavelet analysis and wavelet packets and to explain discontinuities in the daily variations of air temperature, pressure heights, thermal conductivity and viscosity.
3. To analyze seasonal variations of gravity waves by considering radiosonda data and to compare the results with the large-scale effects such as La-Niña and El-Niño. It is under the effects of land-air-sea interactions. This contrast and temperature differences trigger a thermal turbulent structure of the atmospheric boundary layer. Time variation of daily pressure height and standard deviations of air temperature and pressure heights up to the 300-hPa pressure level have been analyzed in this paper. Standard deviations have been presented in the following sections.
Tools and methodology
MATLAB and SPSS packet programs were used as a tool for the main objectives of this study (Aslan and Oguz, 1998; Aslan et al., 1997; Can et al., 2002) .
Continuous 1-D-wavelet
The wavelet analysis is a great improvement in the analysis of atmospheric data, especially in studying the displacement characteristics of a moving structure (Meyer, 2000; Terradellas et al., 2001) . The guide includes a comperative study of the windowed Fourier transform, the choice of an appropriate wavelet basis function, edge effects due to finite-length time series and the relationship between wavelet appropriate wavelet basis function, scale and Fourier frequency (Tokgozlu et al., 2002) .
If function f(t) is continuous, has null moments, decreases quickly towards zero when x tends towards infinity, or when it is null outside a segment of R, it is a likely candidate to become a wavelet. The family of shifts and dilations allows all finite energy signals to be reconstructed using the details in all scales. This property allows only continuous analysis. In the toolbox, the wavelet is usually associated with a scaling function. Wavelets, even db2, db3,. . ., are defined by functional equations. The solution is numerical and accomplished by using a fairly simple algorithm. A 1-D analysis is based on one scaling function and one wavelet. A 2-D analysis (on a square or rectangular grid) is based on one scaling function and three wavelets. All the functions decay quickly to zero.
In the following sections f (t) will be considered as pressure height or air temperature deviations from mean values. Let f (t) be a function of time and that
The Fourier transform F of f (t) is defined as
A function ψ(t) satisfying the following condition is called a continuous wavelet (Can et al., 2004) :
Higher order moments may be zero, that is,
Viscosity coefficients and thermal conductivity
Usually the viscosity µ i and thermal conductivity λ i are temperature dependent and are expressed in the following form:
where A i and b i are parameters determined from fitting the experimental results. The coefficients of viscosity µ and thermal conductivity λ are computed from Dal Garno and Smith (1962):
Analysis
3.1 Analysis of pressure heights
Statistical analysis
Statistical analysis of pressure height (h) with deviations at all levels is presented in Table 1 . Maximum deviations (dh) are recorded at 1000 hPa, 850 hPa and 300 hPa pressure levels in winter. Maximum pressure deviations are observed at 700 hPa and 500 hPa pressure levels in spring and minimum deviations are observed at all levels in summer. Maximum annual deviations for 300 hPa, 500 hPa and 1000 hPa pressure levels are observed in 1997 and for 700 and 850 hPa in 1993.
Wavelet analysis
In order to illustrate the relationship between small, meso and large-scale fluctuations on air pressure and temperature, time series of five years' worth of data were analyzed by using Continuous 1-D dB-level 3 wavelet. Large-scale effects on pressure deviations at the 850-hPa pressure level have been observed at the beginning of the first, third, fourth and fifth years (Fig. 1) . Generally, the peak appears in the wavelet series of pressure disturbance in winter. Table 1 shows that amplitudes at the 500-hPa pressure level are almost two times greater than the values observed at the 850-hPa pressure level. The deviations (higher amplitudes) of pressure values at 300 hPa are higher than the deviation values recorded at lower layers.
Analysis of air temperature

Statistical analysis
Monthly maximum temperature deviations have been observed in spring or autumn between 1000 hPa and 300 hPa pressure levels (Table 2 ). If we compare the annual mean deviation values of monthly mean temperatures, the maximum values are observed between 850 and 300 hPa in 1993. For the 1000-hPa pressure level the maximum value is observed in 1994. Minimum temperature deviations, in the (Istanbul, 1993 (Istanbul, -1997 . (Istanbul, 1993 (Istanbul, -1997 other words weak gravity waves, have been observed between the 1000-500-hPa pressure levels in summer.
Wavelet analysis
Lower positive deviations have been observed at the 850-hPa pressure level (Fig. 2) . Air temperature series generally show a similar pattern in this period. Their wavelet transform modulus show a main peak at the 500-hPa pressure level, in the first period of 1995. Smaller deviations between 1994 and 1996 have been recorded at the 700-hPa pressure level. Large-scale effects are more effective on dT variations at this level in the second part of the period. Generally, small-scale fluctuations play a more important role on dT values at the 500-hPa pressure level in 1993.
Analysis of thermal conductivity and coefficients of viscosity
Daily variations of thermal conductivity and viscosity coefficients at the 850-hPa pressure height in 1997 are analyzed (Fig. 3) . Conductivity values increase at the beginning of 0 1995 -1996 N (Neither) 1996 0.47 1996 -1997 N (Neither) 1997 −1.67 1997 spring. They show a slightly decreasing trend in the first part of summer when energy distribution decreases. Table 3 shows El Niño and La Niña years in the observation period (World Climate News, 2003) . Small standard deviation of pressure heights correspond to weak gravity waves with low amplitudes. In 1995 (neither El-Niño, nor La-Niña) the lowest amplitudes of gravity waves have been observed in summer. Strong El-Niño effects increase the amplitudes of gravity waves in summer.
Connections with El Niño and La Niña
Higher temperature deviations have been observed in ElNiño years (1993) (1994) 1997) at the 300-, 850-, 1000-hPa pressure levels. In 1995 and 1996 (neither El-Niño nor LaNiña) lower temperature values have been observed in these pressure levels.
Large-scale effects play an important role in temperature variation. It is concluded that higher temperature and pressure deviations from mean values at lower layers (in the vicinity of 850 hPa pressure level), are observed in strong El Niño Years (1993, 1994 and 1997) .
Results and conclusion
This is a case study which analyses daily variations of temperature and pressure deviations in the troposphere between 1993 and 1997. Wavelet analysis explains the sudden changes in parameters. It is also a useful tool for energy distribution analysis in the atmosphere.
The pressure height deviations increase above the 500-hPa pressure level in the observation period. Between 1995 and 1996 (Neutral Period: neither El-Niño nor La-Niña) the lowest deviations were observed around the 850-hPa pressure levels. Similar structures between temperature, turbulence parameters and geo-potential height deviations have been defined at all pressure levels.
